Patterning events that occur before the mid-blastula transition (MBT) and that organize the spatial pattern of gene expression in the animal hemisphere have been analyzed in Xenopus embryos. We present evidence that genes that play a role in dorsoventral specification display different modes of activation. Using early blastomere explants (16-128-cell stage) cultured until gastrula stages, we demonstrate by RT-PCR analysis that the expression of goosecoid (gsc), wnt-8 and brachyury (bra) is dependent on mesoderm induction. In contrast, nodal-related 3 (nr3) and siamois (sia) are expressed in a manner that is independent of mesoderm induction, however their spatially correct activation does require cortical rotation. The pattern of sia and nr3 expression reveals that the animal half of the 16-cell embryo is already distinctly polarized along the dorsoventral axis as a result of rearrangement of the egg structure during cortical rotation. Similar to the antagonistic activity between the ventral and the dorsal mesoderm, the ventral animal blastomeres can attenuate the expression of nr3 and sia in dorsal animal blastomeres. Our data suggest that no Nieuwkoop center activity at the blastula stage is required for the activation of nr3 and sia in vivo.
Introduction
The expression of specific marker molecules reveals that the Xenopus embryo is already distinctly patterned at the late blastula-early gastrula stages. The presumptive germ layers, ectoderm, mesoderm and endoderm, are defined by such markers and dorsal versus ventral differences are clearly recognizable. The transcription of these early marker molecules commences after the mid-blastula transition, but the spatial order of their expression depends on patterning events that occur much earlier. Two of these events have received particular attention: (1) The cortical rotation that takes place during the first cell cycle and establishes dorsalventral polarity in the embryo (Gerhart et al., 1989) . (2) An inductive interaction between the animal and vegetal halves of the embryo that establishes mesodermal specification in the marginal zone of the early embryo (Nieuwkoop, 1969 (Nieuwkoop, , 1973 . The timing of mesoderm induction in vivo is still unknown. It has been roughly estimated to occur between the 32-cell stage and the late blastula (Jones and Woodland, 1987) . Interactions between the dorsal and ventral regions within the marginal zone are thought to further elaborate and refine the expression domains of the marker genes. As a result, the mesoderm acquires a graded dorsal to ventral specification (Reilly and Melton, 1996) .
A large portion of the present discussion focuses on questions that arise from this standard model. In the classical view, cortical rotation shifts material from the vegetal pole by 30°towards the dorsal side, but the dorsal-ventral polarity extends from the vegetal region far into the animal cap, embracing in effect the entire embryo (Elinson and Kao, 1989; Kageura, 1990; Larabell et al., 1996; Schneider et al., 1996) . What is not clear is whether the polarity of the animal region is established by the cytoplasmic movements during the first cell cycle or by signals conveyed from the vegetal region to the animal cap by intercellular inductive events during cleavage. This discussion has led to the revival of interest in the nature and function of a dorsovegetal signaling center, the so called Nieuwkoop center (Wylie et al., 1996) . One may further ask, whether the horizontal signaling that seems to occur between the dorsal and the ventral side of the embryo is restricted to the marginal region, or occurs in regions of the animal cap that have not received instructing signals from the vegetal hemisphere as well.
In order to study such questions experimentally, one needs to interfere with the earliest patterning processes known. Cortical rotation can be inhibited by UV-treatment of fertilized eggs during the first cell cycle (Scharf and Gerhart, 1983) . Early cell interactions and inductive events can be interfered with by culturing isolated blastomeres that have been obtained during the first five cleavage stages. Conventionally, the manipulated embryos, or parts of them, are cultivated until post-neurula stages when various tissues can easily be identified histologically (Kageura and Yamana, 1983; Gallagher et al., 1991; Grunz, 1994; Hainski and Moody, 1996) . Despite the merits of this approach, it presents the major drawback that regulative events that might occur during the prolonged times of culture make it difficult to deduce the direct effects of the manipulation from the late phenotypes of the explants or manipulated embryos.
To circumvent this problem, one has to monitor the effects of such manipulations at the earliest feasible time, when cell commitment can be recognized by the expression of specific genes, i.e. the period between mid-blastula transition and the onset of gastrulation. To address this problem, we dissected the early patterning system and analyzed the expression profiles of several marker genes in early blastomere explants by RT-PCR.
We have chosen a set of genes whose zygotic expression is indicative of characteristic morphological domains and functional features of the gastrula embryo. The homeobox transcription factor siamois (sia) is reported to be expressed soon after MBT in the dorsal endoderm. It is thought to be involved in generating vegetal signals for the induction of the dorsal character in the marginal zone (Lemaire et al., 1995) . The gene goosecoid (gsc) is activated after MBT in the dorsal marginal zone and occupies an expression territory in the deep layer of the dorsal lip in the early gastrula. It codes for a homeobox transcription factor with axis-inducing activity (Cho et al., 1991) . nodal-related 3 (nr-3) encodes a TGF-b-type signaling molecule. It is expressed at the onset of gastrulation in the epithelial layer of the dorsal lip and has axis-inducing activity (Smith et al., 1995) . BMP-4, a TGF-b-type growth factor and vent-1, a homeobox transcription factor, exhibit ventralizing activity by antagonizing the formation of the dorsal organizer. The expression domains of BMP-4 and vent-1 extend over the whole animal cap and the ventrolateral region of the marginal zone (Fainsod et al., 1994; Gawantka et al., 1995) . Dependent on mesoderm induction, the wnt-8 gene produces a signaling molecule in the ventrolateral marginal zone of the early gastrula (Smith and Harland, 1991) . Brachyury (bra), a transcription factor specific to the early mesoderm, is activated at the onset of gastrulation in the marginal zone .
In this report we describe that cortical rotation initiates dorsal gene activation in the animal region and induces a dorsoventral polarity there without any participation of intercellular signaling from the vegetal side. We further observe that the ventral region of the animal cap in isolation attenuates the dorsal gene activities that have been programmed by cortical rotation. Induction of mesoderm in animal cells by vegetal signals occurs between the 16-and 128-cell stage, but it affects only a subset of the genes that are expressed in the marginal zone.
Results

Explants of dorsal and ventral animal blastomeres activate different genes
The lateral blastomeres in the animal tier of the 16-cell stage embryo separate the pair of dorsal from the pair of ventral blastomeres. This situation allows the isolation of animal blastomeres with clearly dorsal or ventral character for the first time in the course of development. After explantation, these cells continue to divide in culture and develop into tight aggregates. Samples for RNA isolation were taken immediately after explantation and at the times when control embryos had reached stages 8.5 and 10.5 (Fig. 1A) . The RNA preparations were assayed for sia, nr3, gsc, bra, and vent-1 transcripts by RT-PCR analysis (Fig.  1B) . Based on their expression in the cultured explants, the analyzed genes can be grouped into three classes: (1) zygotic transcripts of gsc, bra and wnt-8 are absent in the dorsal and ventral explants though they are clearly present in the whole embryo (Fig. 1B, lane 1, lanes 4-7) . These genes are typically activated in the presumptive mesoderm of the early gastrula and require vegetal signals to become expressed (see Section 2.4). Due to the absence of vegetal cells, such signals are lacking in the explants. (2) nr-3 and sia are expressed in the dorsal, but not in the ventral explants (Fig. 1B, lanes 4-7) . Dorsal animal cells, therefore, do not require induction by vegetal cells to express these genes and a dorsal to ventral difference is established in the animal half prior to the 16-cell stage. (3) BMP-4 and vent-1 are also activated autonomously. From in situ expression data one would have expected the ventral genes wnt-8, BMP-4 and vent-1 to be expressed preferentially in the descendants of the ventral blastomeres, but the explants display only a weak dorsal to ventral difference.
In the following experiments, we address the question of which developmental mechanisms determine the specific pattern of gene expression in the explants. 8.5 or 10.5 and assayed for the expression of the marker genes. All three genes, gsc, bra and wnt-8, are activated in the explants but in a remarkably distinct pattern (Fig. 3B) . Transcripts of the pan-mesodermal marker bra are present in the explants from both the dorsal and the ventral animal region. gsc messenger RNA is detected in the dorsal explants only, and wnt-8 is activated exclusively in the ventral explants. This expression pattern of mesodermal genes meets the expectations that one derives from whole embryo in situ expression patterns. We conclude therefore, that an inductive influence of the vegetal side in the embryo elicits the capacity of the animal blastomeres to express these mesodermal genes between the 16-and 128-cell stage. The expression pattern of BMP-4 and vent-1 in the 128-cell stage explants is similar to the one that we found in the descendants of the blastomeres from 16-cell stage embryos (Fig. 1) . Obviously, the expression of these genes is not influenced by the mesoderm-inducing signals that occur in the embryo between the 16-and 128-cell stage.
Animal blastomeres
In ventral explants, only traces of sia and nr3 transcripts were detected but the two genes are strongly expressed at stage 8.5 in the descendants of the dorsal 128-cell stage explants. In contrast to explants from 16-cell stage embryos (Fig. 1B , lanes 4 and 6), the level of nr3 and sia decreased sharply upon further incubation (Fig. 3B , lanes 1 and 3). This finding argues for an activity emerging between stages 8.5 and 10.5 in dorsal animal explants that attenuates the expression of nr3 and sia. The potency to express this regulative influence autonomously must have been established between the 16-and 128-cell stage, since early explants do not exhibit this attenuation (Fig. 1B, lanes 4 and 6) . The comparative analysis of gene expression pattern in 16-and 128-cell stage animal blastomere explants demonstrates that the extended contact of the animal layer with vegetal cells is sufficient to widen the spectrum of genes that are expressed there.
The mesoderm inducing activity of dorsal and ventral vegetal blastomeres differs in quality
The previous experiment demonstrated that the animal caps receive mesoderm inducing signals between the 16-and 128-cell stage. This induction results, several hours later, in zygotic gene activity that differs in dorsal and ventral explants. In order to characterize the differences in the inductive potential of dorsal and ventral vegetal blastomeres in situ, recombination experiments were performed. Whole animal tier blastomeres were isolated from 16-cell stage embryos and cultured alone or in combination with one pair of dorsal-vegetal blastomeres until the control embryos had reached stage 10.5. RNA from defined numbers of explants were used for an RT-PCR analysis. sia, nr3 and BMP-4 were expressed autonomously in whole animal layer explants confirming the finding that the transcriptional activation of these genes is independent of mesoderm induction (Fig. 4B, lane 1) . When animal layers were co-cultured with dorsal vegetal blastomeres, which when kept in isolation expressed low levels of sia, nr3, wnt-8 and BMP-4 mRNA (Fig. 4B, lane 2) , the expression of gsc and bra was strongly induced (Fig. 4B, lane 3) . In contrast, ventral vegetal blastomeres were unable to induce the expression of gsc and bra but both dorsal and ventral vegetal blastomeres strongly stimulated the expression of wnt-8 in the recombinants (Fig. 4B, lanes 2-5) . The inability of the ventral vegetal blastomeres to induce bra expression in our experiments is surprising because, in situ, bra marks dorsal as well as ventral mesoderm.
Taken together, these data show that the activation of mesoderm-specific genes in animal cells requires an inductive interaction with vegetal cells, and further that the signals received from the dorsal and ventral vegetal region elicit a qualitatively different response. In the following set of experiments, we analyzed the early patterning events that are responsible for the activation of sia and nr3 on the dorsal side of the embryo. 4) . gsc expression is induced in dorsal-and wnt-8 in ventral explants. bra is expressed in dorsal and ventral explants.
Cortical rotation evokes the capacity to express sia and nr-3 in animal blastomere explants
During the first cleavage cycle, cortical rotation transports material from the vegetal cortex towards the future dorsal side of the embryo and the dorsoventral polarity becomes established in the egg. UV-treatment of the fertilized egg prevents cortical rotation and, as a consequence, the embryo fails to develop a dorsal axis. The ventralized phenotype can be rescued by tilting the UV-treated eggs by 90°, and it is assumed that the tilting results in a reorganization of the egg that mimics the cortical rotation.
Fertilized UV-treated eggs develop dorsal deficiencies (DAI of 0.5; Fig. 5A ). When the irradiated eggs are tilted as indicated in Fig. 5B and held in this position until early gastrula, the formation of a dorsal axis is fully restored (98% rescue, DAI of 5.0; Fig. 5B ). The first cleavage furrow appears at the top of these tilted eggs, indicating that a new animal pole forms at the animal-vegetal boundary of the cortex. In a normal stage 8.5 embryo, a field of cells containing b-catenin in the nuclei develops dorsally with a center in the marginal zone. In UV-treated cells, in the absence of cortical rotation, this field appears at the vegetal pole, suggesting that determinants for the nuclear localization of b-catenin remain in their original position (Schneider et al., 1996) . In embryos rescued by tilting, this field appears in the region where the cortex of the former vegetal pole now lies (Fig. 5C) . Obviously, the determinants remain associated with the cortex during tilting. Scharf and Gerhart (1983) proposed that the inner cytoplasm in the tilted egg adjusts to gravity by rotating 90°within the cortical shell. The future organizer forms therefore in the region of the tilted egg where the animal-vegetal boundary of the inner cytoplasm comes close to the dorsal determinants localized in the cortex.
Animal tiers of untreated and UV-irradiated embryos as well as newly generated animal tiers of rescued embryos were explanted at the 16-cell stage and assayed for the expression of marker genes (Fig. 6) . sia and nr-3 transcripts were found in the explants from untreated eggs and an attenuation of transcription was seen between stages 8.5 and 10.5 (Fig. 6B, lanes 2 and 3) . Animal explants from UV-treated eggs do not express sia or nr-3 (Fig. 6B, lanes  4 and 5) . Tilting the irradiated eggs restores the gene activity at stage 8.5 in the explants and is followed by attenuation to a low level at stage 10.5 (Fig. 6B, lanes 6 and 7) . Expression of BMP-4 and vent-1 is activated in all the explants and the level of transcript increases between stages 8.5 and 10.5. The mesodermal marker genes gsc, bra and wnt-8 are not activated in any of the explants (Fig. 6, lanes 2-7) as expected from the previous experiments.
These observations demonstrate that the animal blastomeres acquire the capacity to express sia and nr-3 by a process linked to cortical rotation.
Discussion
Patterning events in Xenopus embryos that occur before zygotic transcription is initiated are required for the establishment of the correct embryonic structure. Here we report on experiments in which the roles of cortical rotation and mesoderm induction, both pre-MBT patterning mechanisms, have been analyzed. This has been achieved by preventing cortical rotation and by explanting animal blastomeres at different stages and culturing them in isolation. Early cell interactions were studied in animal/vegetal blastomere recombinants. Specification events have been assessed by monitoring gene activities that emerge in explants from the early cleavage stages at times when control embryos have reached stages 8.5-10.5. This approach circumvents the use of long term culture of the explants during which late regulative processes can not be excluded. The marker genes that have been selected for these experiments are expressed in situ soon after MBT in spatially restricted patterns and play a role in dorsoventral specification mechanisms.
Mesoderm induction is required for the expression of gsc, bra and wnt-8
Sixteen-cell stage animal blastomere explants fail to express the early mesodermal marker genes gsc, bra and wnt-8. When these cells were allowed to remain in the intact embryo for 1.5 h longer and were explanted at the 128-cell stage, their descendants expressed these markers in a spatially correct pattern. The prolonged exposure to vegetal influences was sufficient to activate gsc in dorsal, wnt-8 in ventral and bra in both types of explants. Jones and Woodland (1987) used recombination experiments to determine the time window when animal cap cells are competent for mesoderm induction and when vegetal cells exhibit inducing activity. They concluded that mesoderm induction may occur at any time between the 32-cell stage and the early gastrula. Our results argue that inductive signaling in vivo between the 16-and 128-cell stage is sufficient to activate at least a subset of mesodermal genes after MBT. This result is important for our understanding of the induction mechanism because it indicates that an early inductive event is 'remembered' by the animal cells for some 3-4 h before the effects of the induction in terms of gene expression commences. Our results on the timing of mesoderm induction differ from others in detail. Hainski and Moody (1996) reported that dorsal animal cells become committed to form dorsal mesoderm by a signal from the dorsal vegetal cells between the 8- and 16-cell stage. Wylie et al. (1996) concluded that the dorsal vegetal blastomeres instruct animal caps to form dorsal mesoderm but not before the mid-blastula transition has occurred. It should be emphasized that different assays for mesoderm induction were used in these experiments. Hainski and Moody (1996) tested for the elongation of the explants and the formation of notochord after 30-40 h in culture. Wylie et al. (1996) used elongation of the explants and the expression of myoD at stage 20, assessed by RNA blots, as indicators for mesoderm induction. We have used the highly sensitive RT-PCR method to reveal the mesoderm induction at the onset of gastrulation. The discrepancies in the interpretation of the experiments might resolve if one assumes that the induction process is not a switch-like event at a given time point but a continuous process extending with increasing strength from the early phases of cleavage into the pregastrula period. Attempts to demonstrate mesoderm induction would then depend on the sensitivity of the assay and the length of time the explants were given to develop mesoderm.
Vegetal blastomeres differ qualitatively in their ability to induce mesoderm. Dale and Slack (1987) reported that dorsal vegetal cells preferentially induce dorsal mesoderm and ventral vegetal blastomeres induce mostly ventral mesoderm. Our results on induced gene activities differ slightly from this picture. Dorsal vegetal cells stimulate the expression of both, dorsal (gsc) and ventral (wnt-8) mesodermal markers as well as the 'pan-mesodermal' marker bra. Ventral vegetal cells induce wnt-8 and are unable to induce gsc. Surprisingly, bra was not induced by ventral vegetal cells (Fig. 4) . Graff et al. (1996) reported that Xsmad1 induces ventral mesoderm in animal caps in the absence of bra expression, indicating that bra must not necessarily be considered to be a pan-mesodermal marker. Recent evidence suggests a complex mechanism for the regulation of bra activity in the early embryo. In agreement with our data, in situ hybridization data show that bra transcription is initiated in the dorsal marginal zone of the early gastrula (Cunliffe and Smith, 1992) . From there, bra expression expands towards the ventral side, probably via the autoregulatory loop of bra stimulating eFGF which can in turn induce bra expression (Conlon et al., 1996) . Further experimental evidence that such a mode of regulation could occur in vivo, comes from the distribution of MAP kinase activity which indicates active FGF signaling in gastrula embryos. MAP kinase is activated in the dorsal marginal zone at stage 10 and activation expands towards the ventral side as gastrulation proceeds (LaBonne and Whitman, 1997). In our experiments, the lack of a dorsally induced initiator of bra expression may explain the absence of bra transcripts in the explants induced by ventral vegetal blastomeres.
Our conclusion that the activation of bra, gsc and wnt-8 requires intercellular signaling is challenged by the experiments of Lemaire and Gurdon, 1994 . They obtained embryonic cells, which were kept away from any cell contact by raising them in Ca 2 + -free medium, and found that gsc and wnt-8 were activated cell-autonomously under these conditions. The discrepancy between these results and our findings resolves if one assumes that mesoderm induction represents a mechanism of release from inhibition. Extracellular factors that repress the differentiation to mesoderm may be released from dispersed animal blastomeres and become diluted. In tight aggregates such repressors remain active unless they are neutralized by mesoderm inducing signals. This model has a parallel in neural induction. Non-induced ectodermal cells form epidermis but their fate shifts to neural when they are cultured in a dispersed state (Grunz and Tacke, 1989) . Further studies are required to substantiate this aspect of mesoderm induction.
Cortical rotation triggers the activation of nr3 and sia on the dorsal side of the embryo
sia and nr3 mRNAs were found in 16-cell stage animal 5) and UV-treated-tilted embryos (lanes 6 and 7) were analyzed at stages 8.5 and 10.5. The expression of sia and nr-3 which is abolished by UV-treatment can be restored in the embryos by tilting.
blastomere explants. Their expression is spatially restricted; only explants from dorsal, but not from ventral blastomeres, activate the genes. We conclude that the activation of nr3 and sia in the dorsal animal region is independent of mesoderm induction. This notion is supported by the finding that sia and nr3 expression cannot be induced in animal caps by mesoderm-inducing growth factors but can be induced by components of the wnt signaling pathway including b-catenin (Brannon and Kimelman, 1996; Medina et al., 1997) . The finding that b-catenin is translocated into the nuclei on the dorsal side of the Xenopus blastula provides strong evidence that components of the wnt signal transduction pathway are active there. The field of nuclear b-catenin extends from the dorsal marginal region towards the animal and vegetal pole and this pattern is generated by cortical rotation (Schneider et al., 1996; Rowning et al., 1997) . We have now demonstrated the essential role of cortical rotation in the activation of sia and nr3 on the dorsal side and we conclude that dorsal determinants are translocated by the cortical rotation from the vegetal pole far up into the animal region of the embryo (Figs. 4 and 5) . The activities of sia and nr3 in the dorsal animal region are the first molecular markers that demonstrate a dorso-ventral polarity of the animal cap hours before morphological differences are recognized. Experimental evidence that a prepattern exists in animal caps comes from the work of Sokol and Melton (1991) who demonstrated differences in the responsiveness of dorsal and ventral parts of blastula animal caps to activin.
Ventral animal blastomeres antagonize the expression of sia and nr3
The mRNA levels of sia and nr3 increased between stages 8.5 and 10.5 in dorsal blastomere explants (Fig. 1) . When whole animal tiers were cultured in the same way, however, sia and nr3 expression was strongly induced after MBT, but the mRNA levels decreased thereafter (Fig. 6 ). This attenuation of expression of dorsal-specific genes was also found in animal layer explants from UV-treated embryos rescued by tilting (Fig. 6 ). It appears from these observations that the dorsal character of explanted animal blastomeres is maintained if they are cultured in isolation, but it becomes gradually suppressed by descendants of ventral animal blastomeres in the explants. Candidate molecules through which the attenuation of the dorsal program could be mediated is BMP-4 and its target genes such as vent-1. The enhanced synthesis of these ventralizing agents due to the addition of ventral cells, which is independent of mesoderm induction and cortical rotation, may shift the dorsal-ventral balance in the explants to the ventral side. Surprisingly, a downregulation of sia and nr3 expression at stage 10.5 compared to stage 8.5 is also observed in dorsal blastomeres that were explanted at the 128-cell stage (Fig.  3) . Signals that reach the dorsal animal cells between the 16-and 128-cell stage could have elicited this change. Their nature as well as the interaction with the genes expressed dorsally remain to be elucidated.
Nieuwkoop center and cortical rotation: the temporal hierarchy of the dorsalizing activities
Vegetal cells from embryos at the mid-blastula stage are able to induce the animal hemisphere to form mesodermal and endodermal structures (Nieuwkoop, 1973 ). The precise localization of an 'antero-dorsal structure forming activity' in 8-64-cell embryos has been studied extensively by transplantation, in vitro culture and deletion experiments (Gimlich and Gerhart, 1984; Yamana and Kageura, 1987) . From these experiments it was concluded that the dorsal vegetal blastomeres are the region with dorsalizing activity and that the cortical rotation is required to define this Nieuwkoop center. It remains unclear, however, when the Nieuwkoop center is active in vivo. Despite this lack of data, a temporal hierarchy for the dorsalization process in the Xenopus embryo was proposed. The common view is that cortical rotation sets up the dorso-ventral asymmetry within the first hour after fertilization. Mesoderm induction starts at the 32-cell stage and at the blastula stage, the Nieuwkoop center emits signals that induce the formation of Spemann's organizer. The genes that are active in the organizer during gastrulation trigger the patterning of the mesoderm forming in the marginal zone. There is experimental evidence, however, that argues against active Nieuwkoop center signaling at the blastula stage. Elinson and Kao (1989) reported that dorsalizing activity can be found in B1 blastomeres at the 32-cell stage. Rotation of the four animal blastomeres at the 8-cell stage resulted in the formation of twinned embryos indicating that the dorsal animal cells have dorsalizing activity long before the blastula stage (Cardellini, 1988) . We have now shown that dorsal animal blastomeres acquire the potential to express genes with dorsalizing activity such as sia and nr3 autonomously and very early through a process linked to cortical rotation. The activity of these genes could be responsible for the induction of a twinned axis in the rotation experiments (Cardellini, 1988) .
The function of cortical rotation in prepatterning the animal hemisphere shows the concept of the Nieuwkoop center in a new light. It is not a dorsovegetal site of inducing activity, that imposes the first dorsal character onto the animal hemisphere. Rather than being a structure active at blastula stages in dorsal vegetal cells, it reflects the localization of dorsal determinants redistributed over the entire dorsal side by the cortical rotation. Prior to any induction event, cytoplasmic rearrangements predispose the animal half of the egg to express dorsal specific genes. Mesoderm induction would then be superimposed on the early dorsal ventral prepattern established by cortical rotation. The readout of both types of signals after MBT might orchestrate the proper formation of the organizer region as well as the patterning of the ventral marginal zone.
Experimental procedures
Embryo manipulation and blastomere explantation
Fertilized eggs were obtained as previously described by Schneider et al. (1996) . They were dejellied in 2% cysteine hydrochloride (pH 7.8-8.0) and kept in 1× MBS at room temperature. Only embryos with a distinct difference in pigmentation between dorsal and ventral blastomeres, and with a strictly horizontal third cleavage plane were selected for the experiment because there is evidence that the developmental potential of blastomeres is affected by the location of the third cleavage plane (Grunz, 1994; Klein, 1987) . The average animal-vegetalcleavage-ratio (AVCR) was 0.38 (AVCR of 0.5 corresponds to a cleavage plane that generates equal size animal and vegetal blastomeres). Only the embryos that have a AVCR of about 0.3-0.4 (the animal blastomeres being smaller than the vegetal cells) were used. Pairs of dorsal or ventral blastomeres of the animal tier were isolated at the 16-cell stage using fine forceps and cultured in 1× MBS. Explants with unimpaired cell division were collected when the siblings reached NF stages 8.5 or 10.5 for further analysis (Nieuwkoop and Faber, 1967) . When explants were taken from 128-cell embryos the darker pigmentation of the animal blastomeres was used as a marker. Using this criteria it was possible to explant the descendants of the dorsal blastomere pair of 16-cell embryos without vegetal blastomere contamination. This was verified by injection of fluorescent dextran (FDA) into animal or vegetal cells at the 16-cell stage and explantation of animal blastomeres at the 128-cell stage.
Reverse transcription-polymerase chain reaction analysis
Total RNA from 8-12 explants of various stages was extracted with Trizol (Gibco, BRL) according to the manufacturer's instructions. Reverse transcription (RT) was performed with 400 ng total RNA using AMV reverse transcriptase (USB) at 50°C for 30 min. Twenty nanograms of the cDNA products were used in a 10 ml PCR reaction containing 1 mCi [ 32 P]dCTP (Niehers et al., 1994) . Sequences of the primers used for polymerase chain reaction (PCR) analysis: sia:(5′-CCATGATATT-CATCCAACTGTGG and 5′-CAAGAGAAGGATCTA-GACCATG); nr-3:(5′-TGAATCCACTTGTGCAGTTCC and 5′-GACAGTCTGTGTTACATGTCC); gsc:(5′-CTC-CCTTACATGAACGTTGGC and 5′-TCTGAGATGAA-CTCTCCTTGC); bra:(5′-CACAGTTCATAGCAGTGA-CCG and 5′-TTCTGTGAGTGTACGGACTGG); wnt-8:(5′-CTGATGCCTTCAGTTCTG-TGG and CTACCT-GTTTGCATTGCTCGC); BMP-4:(5′-CGATARCAGCAT-GGAGTACCC and CCAGGGTCCACCTCATAA-TTG); vent-1:(5′-TTCCCTTCAGCATGGTTC-AAC and 5′-GCA-TCTCCTTGGCATATTTGG); H-4:(5′-AGGGACAACAT-CCAGGGCATCACC and 5′-ATCCATGGCGGTAAC-GGTCTTCCT).
The annealing temperatures for BMP-4, sia, gsc and H4 were 55°C and 65°C for bra, wnt-8, nr-3 and vent-1. Thirtyfour cycles were used for sia and gsc amplification and 30 cycles for vent-1, 29 cycles for nr-3, 28 cycles for BMP-4, wnt-8 and bra and 20 cycles for H4. After PCR amplification, the products were analyzed on 5% polyacrylamide gels.
UV-irradiation, tilt-rescue and immunostaining
Fertilized eggs were dejellied 10 min after fertilization in 2% cysteine hydrochloride with very gentle shaking motions and then transferred to quartz trays containing 1× MBS. UV-irradiation (850 mJ) was carried out 30 min after fertilization (STRATA LINKER, Stratagene). The UV-irradiated eggs were kept immotile in the tray for at least 30 min after the treatment and the DAI (dorsal anterior index) scored at tadpole stage was lower than 0.5. For the tiltrescue experiment eggs were tilted 90°immediately after UV-treatment in 1.5 mm holes made in agarose coated petri dishes. The eggs were kept in 6% Ficoll in 1× MBS until the 8-cell stage and were then transferred to 1× MBS for the blastomere explantation, or to 0.1× MBS for further incubation. b-catenin whole mount antibody staining was performed in stage 8.5 embryos according to Schneider et al. (1996) .
